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CATHETER WITH LUMEN 

5 TECHNICAL FIELD 

The present: invention relates to medical 
instruments, and more specifically relates to medical 
instruments such as catheters having internal lumens and 
having sensors for detecting the position or orientation 

10 of the instrument. 
BACKGROUND ART 

Many minimally invasive medical procedures are 
performed using a catheter with a lumen. For example, in 
angioplasty, a balloon is inflated using saline solution 

15 conveyed through a lumen. In many cases it is desirable 
to inject medicine or radio-opaque dyes through a 
catheter's lumen. In some procedures, a tool is guided 
through the lumen. After the use of the tool is 
completed, the tool is retracted and may be replaced by 

2 0 another tool. 

U.S. Patents 5,480,422, 5,383,454, 5,295,486 
and 5,437,277 and PCT application PCT/US95/ 01103 , the 
disclosures of which are incorporated herein by 
reference, describe a few of the many types of position 
25 sensing tips for catheters. The position sensor in the 
catheter tip allows the physician to monitor location of 
the tip within the body without continually imaging the 
body and catheter. This capability can significantly 
reduce the radiation exposure of the patient and of the 

3 0 physician. For many position sensors size is an 

important factor. In some cases, the larger the sensor 
the more precise the position estimate. The maximum 
size of the position sensor typically is limited by the 
diameter of the catheter. In general, catheters with a 
3 5 smaller diameter are more flexible and can be used in a 
larger portion of the vascular system than catheters 
with a large diameter. 
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It is difficult to accommodate both a large 
lumen and a position sensor in the tip of a catheter, 
since the position sensor typically occupies almost the 
entire cross-section of the catheter. 
5 DISCLOSURE OF THE INVENTION 

It is an object of one aspect of the present 
invention to provide a catheter or other similar medical 
probe having both a position sensor at its tip and a 
large lumen. 

10 A catheter according to one aspect of the 

invention includes a body defining a lumen and further 
includes a sensor such as a position sensor mounted to 
the body at a sensor location. Typically, the body and 
lumen are elongated, and the sensor location is adjacent 

15 the distal tip of the body. The catheter is adjustable 
between two configurations. In a first configuration, 
the lumen is constricted and /or obstructed by the sensor 
and the catheter has a first diameter at the sensor 
location. The first diameter at the sensor location may 

2 0 be similar to the diameter of the rest of the catheter. 

In a second configuration, the catheter is expanded at 
the sensor location so that the catheter has a second 
diameter at the sensor location, larger than the first 
diameter. In the second configuration, the constriction 

25 or obstruction of the lumen by the sensor is reduced or 
eliminated. Typically, the second diameter of the 
catheter at the sensor location is larger than the 
diameter of the rest of the catheter. As used herein 
with reference to an elongated body such as a catheter, 

30 the term "diameter" means the maximum dimension of the 
object transverse to the direction of elongation. The 
catheter body may be expanded at the sensor location by 
inflating a balloon in the body. Alternatively or 
additionally, a stylet is either inserted or removed 

3 5 from the lumen to affect a change in the shape of the 

lumen . 

In another preferred embodiment of the present 
invention, a catheter including a body with a lumen and 
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a position sensor has two conf igurations. In a first 
configuration, the lumen runs the entire length of the 
catheter but is obstructed by the position sensor at the 
tip of the catheter. In a second configuration, the 
5 distal end of tip of the catheter is moved aside so that 
it does not block the lumen. Preferably, the distal tip 
is shunted aside at a known orientation relative to the 
long axis of the catheter. Alternatively, the distal end 
of the tip of the catheter, which contains the position 
10 sensor is folded back onto the catheter. Preferably, the 
distal end of the tip is secured in a known position 
after such movement, for example, securing it in a 
socket . 

Preferably, the catheter changes between 

15 configurations by inserting or by removing a stylet from 
the lumen. Alternatively, the change is achieved using a 
piezoelectric actuator . 

In a preferred embodiment of the invention, 
the catheter is constrained in an obstructed 

20 configuration by a rigid sheath. When the sheath is 
moved from the catheter tip, the catheter changes 
configuration to the non-obstructed configuration. The 
catheter may change configuration due to its own 
resilience. That is, the catheter is resiliently biased 

25 to the non-obstructed configuration. 

Another embodiment of the invention relates to 
a catheter having an elongated body defining an axis and 
an axially-extensive lumen. The catheter further 

includes a position sensor. The position sensor 

30 comprises at least one lateral sensing coil having 
windings which are not coaxial with the catheter. Stated 
another way, the windings of the lateral sensing coil do 
not lie in planes perpendicular to the axis of the 
catheter body, so that the voltage induced on the coil 

3 5 has components representing changes in magnetic field in 
a lateral direction orthogonal to the axis of the 
catheter body . In one embodiment, the lateral sensing 
coil is formed as at least two portions, which are 
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spaced apart from one another along the long axis of the 
catheter. Thus, the lateral sensing coil obstructs the 
passage of a lumen only half as much as a coil formed in 
a single portion. Alternatively or additionally, 

5 portions of the lateral sensing coil may be disposed on 
opposite sides of the lumen, and may be spaced apart 
from one another in a direction transverse to the axis. 

In another embodiment, the windings of the 
lateral sensing coil may extend around the lumen. Thus, 

10 the windings of the lateral sensing coil may be disposed 
in planes oblique to the lengthwise axis of the lumen. 
The lateral sensing coil as a whole is coaxial with the 
catheter, but the windings are not perpendicular to the 
axis of the coil. Alternatively, the lateral sensing 

15 coil a may be a thin coil oriented at an angle of less 
than 90 degrees to the long axis of the catheter. 

Yet another aspect of the invention provides a 
probe comprising a body defining a lumen and a plurality 
of transducer assemblies mounted to said body around 

2 0 said lumen. Each transducer assembly includes one or 
more transducers such as coils or other transducers. 
The different transducer assemblies are sensitive to 
field components such as magnetic or electromagnetic 
field components in different directions. Each 

2 5 transducer assembly has a center of sensitivity 
representing the sensitivity of the transducer or 
transducers in such assembly. As further discussed 
below, the center of sensitivity of a transducer 
assembly is the locus of the midpoint of the sensitivity 

30 of the entire transducer assembly, i.e. , the locus of a 
theoretical point transducer having the same response as 
the transducer assembly. Preferably, the centers of 
sensitivity of all of the transducer assemblies are 
disposed at a common point. Stated another way, when 

35 exposed to a field, all of the transducers will act 
cooperatively as a multidirectional point sensor 
disposed at the common point. The common point may be 
located within the lumen of the probe. As further 
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discussed below, this simplifies the mathematics 
required to deduce values such as position and 
orientation of the probe from the signals obtained by 
the transducers. 
5 Preferably, a first transducer assembly 

includes a first coil such as a helical coil having 
turns encircling the lumen and having a coil axis 
extending in a first direction codirectional with said 
lumen. A second transducer assembly includes a pair of 

10 second coils disposed on opposite sides of the lumen. 
The second coils have axes extending in a second 
direction transverse to said first direction. 
Preferably, the second coils are aligned with one 
another in the first direction but are offset from one 

15 another in a third direction transverse to said first 
and second directions. As further explained below, the 
first assembly is sensitive to changes in the field 
component in the lengthwise direction along the lumen, 
and has a center of sensitivity at a common point on the 

20 central axis of the lumen. The second assembly is 
sensitive to changes in the field component in a second, 
lateral direction transverse to the lengthwise direction 
and desirably orthogonal to the lengthwise direction. 
The center of sensitivity of the second or lateral 

25 direction transducer assembly is disposed at the same 
common point on the central axis of the lumen. 

The probe may further include a third 
transducer assembly including a pair of third coils 
disposed on opposite sides of said lumen, the axes of 

30 said third coils extending in said third direction, the 
axes of said third coils being offset from one another 
in said second direction. 

In one preferred arrangement, the turns of the 
second and third coils encircle the turns of the first 

3 5 coil. In another arrangement, the first coil includes a 
pair of sections spaced apart from one another in the 
first or lengthwise direction. The second and third 
coils are disposed between the sections of the first 
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coil* In these arrangements, the second coils and third 
coils may be disposed in alternating arrangement with 
one another around the circumference of the lumen. All 
of the second coils may be electrically connected in 
5 series with one another, whereas all of the third coils 
may be connected in series with one another. 

In yet another preferred arrangement, the 
second transducer assembly includes coils with saddle- 
shaped turns. Each such saddle-shaped turn may include a 

10 pair of spaced-apart runs extending in the first or 
lengthwise direction and a pair of arcuate runs 
partially encircling the lumen. The lengthwise runs of 
each saddle coil preferably extend parallel to and 
adjacent the lengthwise runs of the other saddle coil, 

15 whereas the arcuate runs of the saddle coils extend 
around opposite sides of the lumen. The third transducer 
assembly may include a similar pair of saddle coils, and 
all of the saddle coils may overlap the helical coil of 
the first transducer assembly. The foregoing 

2 0 arrangements can accommodate the coils or other 

transducers in a catheter or other small-diameter probe 
while still leaving adequate room in the probe body for 
a lumen of reasonable size. 

There is also provided in accordance with a 
25 preferred embodiment of the invention a method of using 
a probe having a lumen and a first configuration in 
which the lumen is obstructed and a second configuration 
in which the lumen is not obstructed, including: 

(a) navigating a probe into a body to a location 

3 0 while the probe is in the first configuration; 

(b) changing the configuration of the probe to the 
second configuration; 

(c) performing a medical procedure at the location; 

(d) changing the configuration of the probe back to 
3 5 the first configuration; and 

(e) removing the probe. 

Preferably, navigating includes navigating the 
probe into a body to a location in an intra-body space. 
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Alternatively or additionally, navigating includes 
navigating the probe using a position sensor mounted on 
the probe • 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The present invention will be more clearly 

understood from the following detailed description of 
the preferred embodiments of the invention and from the 
attached drawings, in which: 

Fig- 1A is a schematic side-view of a 
10 catheter, according to a preferred embodiment of the 
invention, in a compressed configuration; 

Fig. IB is a schematic side-view of the 
catheter of Fig. 1A in an expanded configuration; 

Fig. 1C is a schematic side view of a catheter 
15 according to another preferred embodiment of the 
invention; 

Fig. ID is a schematic side view of a catheter 
according to yet another preferred embodiment of the 
invention; 

20 Fig. IE is a schematic side view of a catheter 

according to still another preferred embodiment of the 
invention; 

Fig. IF is a schematic front cross-sectional 
view of a catheter, according to a preferred embodiment 

2 5 of the invention, in a compressed configuration; 

Fig. 1G is a schematic front cross-sectional 
view of the catheter of Fig. IF in an expanded 
configuration ; 

Fig. 1H is a diagrammatic view depicting a 

3 0 catheter according to a further embodiment of the 

invention in conjunction with a subject; 

Figs. 2A and 2B show a catheter having two 
configurations, one in which its lumen is blocked by a 
position sensor, and one in which it is not, according 
35 to a preferred embodiment of the invention; 

Fig. 2C shows another preferred embodiment of 
a catheter in which a lumen may be selectively blocked 
by a position sensor; 
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Fig. 2D shows still another preferred 
embodiment of a catheter in which a lumen may be 
selectively blocked by a position sensor; 

Fig. 3 show a catheter having an external 
5 rigid sheath, in accordance with another preferred 
embodiment of the invention; 

Fig. 4A is a schematic side view of a three 

coil position sensor; 

Fig. 4B is a schematic side cross-section of a 
10 catheter with a coil based position sensor and a lumen, 
according to a preferred embodiment of the invention; 

Fig. 4C is a cross-sectional view along line 

IVA-IVA in Fig. 4B; 

Fig. 5A is a schematic side view of a catheter 
15 having coil position sensor in accordance with a 
preferred embodiment of the invention; 

Fig. 5B is a schematic side view of a catheter 
having coil position sensor in accordance with another 
preferred embodiment of the invention; 
20 Fig. 5C is a diagrammatic sectional view taken 

along line 5C-5C in Fig. 5A; 

Fig. 6 is a diagrammatic perspective view at a 
catheter according to a further embodiment of the 
invention; 

25 Fig. 7 is a diagrammatic sectional view taken 

along lines 7-7 in Fig. 6; 

Figs. 8 # 9 and 10 are views similar to Fig. 6, 
but depicting catheters in accordance with further 
embodiments of the invention; 
3 0 Fig. 11 is a further diagrammatic perspective 

view depicting any stage in a manufacturing process 
according to a further embodiment of the invention; 

Fig. 12 is a view similar to Fig. 11, but 
depicting a process according to another embodiment of 

35 the invention; and 

Figs. 13 and 14 are further views similar to 
Fig. 6, but depicting additional embodiments of the 
invention. 
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Fig. 15 is a view similar to Fig- 4B but 
depicting a probe in accordance with a further 
embodiment of the invention. 
MODES FOR CARRYING OUT THE INVENTION 
5 Figs, 1A and IB show a probe in the form of a 

catheter 20 having an elongated body 21 defining a lumen 
2 4 extending in the lengthwise or axial direction of the 
body and lumen. Body 21 is adapted for insertion into 
the body of a living subject such as a human medical 

10 patient or other mammalian subject. Thus, body 21 is 
formed from materials appropriate for use in the body of 
the subject, and has a size and shape appropriate for 
placement in the subject. A position sensor 22 is 
mounted to body 21 at a sensor location adjacent the 

15 distal tip of the probe. As used in this disclosure 
with reference to an elongated probe for insertion into 
an object such as a medical probe for insertion into the 
body of an animal or person, the term "distal" refers to 
the end of the probe which is inserted into the object 

2 0 first. For example, in a catheter of the type adapted 

to be threaded into the body through a vein or artery, 
the distal end of the catheter is the leading end during 
the threading process. The distal direction is the 
direction along the length of the probe towards the 
25 distal end. The term "proximal" as used herein refers 
to the end and direction opposite to the distal end and 
direction. 

Catheter 20 which has two configurations: a 
first, compressed configuration (Fig. 1A) and a second, 

3 0 expanded configuration (Fig. IB) . In the compressed 

configuration, as shown in Fig. 1A, position sensor 22 
compresses a portion 26 of a lumen 24, such that 
catheter 2 0 has a substantially constant outside 
diameter, except for a tapered tip. This geometry is 
3 5 adapted for inserting catheter 2 0 into the vascular 
system and conveying it to the heart. 

Fig. IB shows the expanded configuration of 
catheter 20, in which lumen portion 26 is expanded at 
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the location of sensor 22, so that lumen 24 is 
substantially straight and has a substantially constant 
inner diameter thereat. As a result of the expansion of 
lumen portion 26, position sensor 22 is pushed aside. As 
5 a result, catheter 20 bulges near position sensor 22 and 
has a non-constant outside diameter. However, since the 
distal end of the catheter is within the heart when the 
position sensor is pushed aside and the space inside the 
heart is considerably larger than the catheter, it does 

10 not matter that catheter 2 0 has a larger diameter at its 
tip. Preferably, catheter 2 0 is returned to its 
compressed configuration before removal thereof from the 
heart to the vascular system. In the first or 

compressed configuration, the catheter desirably has a 

15 diameter at the location of the sensor less than about 
5mm, more preferably less than about 3mm and most 
preferably less than about 1mm. 

Preferably, position sensor 22 includes a 
rotation detector adapted to detect rotation of the 

20 catheter tip about the central axis of the catheter. 
The rotation detector is particularly desirable because, 
in the expanded state, position sensor 22 is not 
disposed on the central axis of catheter 20. Thus, the 
actual position of the catheter will differ from the 

25 position of sensor 22; the direction of this difference 
depends upon the direction from the center of the 
catheter to sensor 22. This direction is directly 
correlated with rotation of the catheter tip about its 
axis. PCT application PCT/US95/01103 , the disclosure of 

30 which is incorporated herein by reference, discloses a 
position detection system which incorporates an 
orientation detector. 

The casing of catheter 2 0 is preferably 
elastic so as to bulge without rupturing when position 

35 sensor 22 is pushed aside. One way of changing between 
compressed and expanded configurations is by guiding 
catheter 20 into the body in a sheath 27 (Fig. 1H) , 
which starts at the vascular entrance E to the body and 
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ends at the heart H. The sheath is flexible enough so 
that it can be guided to the heart, however, the sheath 
does not expand radially, so catheter 20 maintains its 
compressed configuration while in the sheath. As long as 
5 catheter 2 0 is in the sheath, position sensor 22 is 
compressed against lumen portion 26 ♦ Lumen portion 26 
is preferably manufactured from a resilient material. 
Alternatively or additionally, a so-called "shape 
memory" or "superelastic" material which tends to return 

10 to a predefined shape when exposed to body temperature. 
The sheath may move along with the catheter as the 
catheter is threaded into the heart. Once the catheter 
tip reaches the heart, the sheath catheter and sheath 
are moved relative to one another so that the tip or 

15 sensor location protrudes from the sheath, whereupon the 
catheter expands. Thus, once exposed to body 
temperature, such as in the heart, the catheter expands 
to the expanded configuration. 

Fig. 1C shows another preferred method of 

20 changing catheter 20 1 from a compressed configuration to 
an expanded configuration. Catheter 20' includes a body 
21 1 having an exterior casing 23 1 and an interior or 
first lumen portion 26 • defining the first lumen 24* , 
and having a second lumen portion defining a second 

25 lumen 31' extending parallel to the first lumen inside 
casing 23*. The second lumen portion desirably includes 
a rigid, distal portion 30* , which is connected to 
position sensor 22 1 . A stylet 28' which is inserted in 
distal portion 30' urges catheter 20* to a compressed 

30 configuration. When stylet 28 1 is removed from distal 
portion 3 0', catheter 20 • can change to the expanded 
configuration. Preferably, the lumen portion 26' of the 
catheter body is constructed of a resilient material 
which urges catheter 20' to its expanded configuration. 

35 When stylet 28 1 is reinserted in distal portion 30*, the 
force that it applies to position sensor 22* is greater 
than the counter-force exerted by lumen portion 26', so 
that lumen portion 26' is thereby compressed. 
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Fig. ID shows yet another preferred method of 
changing catheter 2 0" from a compressed configuration to 
an expanded configuration ♦ In this embodiment, catheter 
20" is normally in a compressed position. A hollow 
5 stylet 32" is inserted into lumen 24" and pushes 
position sensor 22" aside. Hollow stylet 32" defines a 
further lumen 33". While the hollow stylet is in place, 
the environment outside of the catheter at the tip is 
accessible through the lumen 3 3" of the stylet. When 

10 stylet 32" is withdrawn, the resilience of the exterior 
casing 23" forces sensor 22" inwardly so that the 
catheter returns to its compressed configuration. 

Fig. IE shows still another preferred method 
of changing catheter 12 0 between a compressed 

15 configuration and an expanded configuration. In this 
embodiment, catheter 12 0 includes a second, small lumen 
13 3 in which stylet 13 2 is inserted to expand catheter 
120. 

Figs. IF and 1G show still another preferred 

2 0 embodiment of an expandable catheter. In a compressed 

configuration, shown in Fig. IF, a plurality of balloons 
34 are empty. When changing to an expanded 
configuration, shown in Fig. 1G, balloons 3 4 are 
inflated. As a result, position sensor 22 • 1 ' is pushed 
25 aside and lumen portion 26* 11 can expand. Balloons 34 
are preferably inflated using a liquid, not gas. In 
order to prevent balloons 34 from compressing portion 
26 ,,, , balloons 36 are preferably restricted from 
expanding in the horizontal direction. One preferred 

3 0 type of restriction comprises supports 3 5 which maintain 

the horizontal dimension of portion 26 ,fl . 
Alternatively, the relative forces exerted by portion 
26* 1 1 , the casing 23 1 1 1 of catheter 20 and balloons 34 
are configured so that the combination of the forces 
35 exerted by balloons 34 and lumen portion 26 ,fl are 
enough to overcome the compressive force exerted by the 
casing 23 ,, » of catheter 20 ,,f , while the force exerted 
by balloons 34 alone is not enough to substantially 
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compress portion 26 ,,t . Preferably, the casing of 
catheter 20' 11 is more flexible at the sensor location 
or tip than at the remainder of the catheter 20 ,,, . 
Alternatively to balloons 34, other types of expanding 
5 mechanisms, may be used. 

Figs. 2A and 2B show a catheter 40 having two 
configurations, one configuration in which a lumen 42 is 
obstructed by a tip 50 of catheter 20 (Fig. 2A) and one 
configuration where lumen 42 is substantially 

10 unobstructed by tip 50 (Fig. 2B) . Tip 50 is pivotable 
with respect to catheter 40. For example, tip 50 may be 
pivotally mounted on spring 45. 

In the obstructed configuration, shown in Fig. 
2A, lumen 42 extends up to tip 50 and is blocked 

15 thereby. In the unobstructed configuration, shown in 
Fig. 2B, tip 50 is urged aside to a known position, 
preferably to a folded back position, so that lumen 42 
is completely unobstructed. In the non-obstructing 
position, tip 50 preferably fits into a socket, for 

20 example, an indentation formed in catheter 40. Thus, 
catheter 4 0 may have an elongated, generally U-shaped 
indentation extending longitudinally in the vicinity of 
tip 50, so that tip 50 rests in the groove when in the 
folded back position. One method of changing from the 

2 5 obstructed state to the unobstructed state is by 

inserting a curved stylet 44 into catheter 40. The tip 
of stylet 44 engages a groove 4 6 in tip 50 and folds tip 
50 back over catheter 20. When stylet 44 is removed, tip 
50 is urged back to its obstructing position, for 

3 0 example, by a spring 45. Fig. 2C shows an alternative 

embodiment of catheter 40 1 , in which spring 45' tends to 
urge tip 50' to its folded back position and tensing 
means, such as a cable 47, normally keep tip 50' in an 
obstructing position, closing lumen 42'. Here again, 
35 tip 50' carries position sensor 22 1 

Fig. 2D shows an alternative embodiment of a 
selectively obstructing catheter 48", in which tip 50" 
is selectively obstructing lumen 42". Tip 50" is 
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configured so that it. does not substantially obstruct 
lumen 42" when it is moved to a relatively small off- 
axis angle. Thus, the geometry of catheter 48" does not 
change as much as the geometry of catheter 4 0 (Figs, 2A 
5 and 2B) when changing between obstructing and non- 
obstructing states . 

Fig. 3 shows an alternative preferred 
embodiment of a selectively obstructing catheter 160. 
Catheter 160 has a substantially rigid sheath 162 which 

10 keeps tip 150 in a position which blocks lumen 142. 
Rigid sheath 162 may be relatively short and cover only 
a proximal portion of tip 150 and a distal portion of 
catheter 160. Alternatively, sheath 162 may extend 
along catheter 160 at least until the point where 

15 catheter 160 exits the body. Catheter 160 includes 
apparatus which can move sheath 162 relative to tip 150. 
Preferably, the moving apparatus includes one or more 
cables 164, coupled to sheath 162. Where cable 164 
moves the sheath in one direction, an elastic element 

2 0 (not shown) may be provided for moving sheath 162 in the 

opposite direction. In the embodiment where sheath 162 
extends outside the body, the body of catheter 160 is 
preferably moved relative to sheath 162, such as by 
advancing the body of catheter 160 into sheath 162. 
25 In operation, when sheath 162 is moved away 

from tip 150, tip 150 moves to a position in which it 
does not obstruct lumen 142, for example as shown in 
Figs. 2B, 2C and 2D. When sheath 162 is moved towards 
tip 150, the leading edge of sheath 162 urges tip 150 

3 0 back to its obstructing position. As can be appreciated, 

sheath 162 can also be used in conjunction with the 
expanding lumen catheters, described above with 
reference to Fig. 1A-1H. 

In an another embodiment of the invention, a 
3 5 position sensor is mounted on a tool adapted to be 
inserted in a lumen of a catheter. In operation, the 
position sensor is inserted into the lumen so that the 
catheter can be guided to a certain location. Then, the 
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external catheter is fixed at the location, the position 
sensor tool is removed and other tools, as necessary, 
are inserted in the lumen. 

Fig. 4A shows a catheter 170 with a three coil 
5 position sensor, such as disclosed in PCT application 
PCT/US95/01103 . The position sensor comprises three 
substantially orthogonal coils 172, 174 and 176. 
Determining the position of catheter 170 may be 
performed by irradiating the coils with an AC magnetic 

10 field generated by a plurality of coils, each of which 
irradiates at a different frequency or time. The 
amplitude of the voltages induced in each coil by 
orthogonal components of the magnetic field are measured 
so that the location in the field can be determined. 

15 Thus, the assembly of coils detects position and 
orientation by determining characteristics of one or 
more non-ionizing fields. One problem with the 
configuration of catheter 17 0 is that in an catheter 
having outside diameter less than about 5mm, and more 

20 typically less than about 3mm, coils 174 and 176 
substantially block the entire cross-section of catheter 
170, so no lumen is possible. 

Fig. 4B shows a catheter 7 0 having a three- 
coil position sensor and a lumen 42. A first coil 72, 

25 which corresponds to coil 172 (Fig. 4A) , is coaxial with 
catheter 70, so that it does not substantially obstruct 
lumen 42. Coil 17 4 and coil 176, which would have 
obstructed lumen 42 are each divided into several 
interconnected coils, none of which obstruct lumen 42. 

30 For example, as shown in Fig. 4B, coil 174 is divided 
into four coils, 74A, 74B, 74C and 74D, which have the 
same orientation as coil 174. Preferably, coils 74A-D 
are electrically connected in series. Coil 7 6 is 
likewise divided into coils 76A, 76B, 76C and 76D. Fig. 

35 4C is a cross-sectional view of catheter 70 in which 
coils 74A, 74B, 76A and 76B are shown to flank lumen 42. 
That is, coils 74A and 74B are offset from one another 
in a lateral direction, transverse to the lengthwise or 
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axial direction of the catheter and lumen, and coils 74A 
and 74B are disposed on opposite sides of the lumen from 
one another. Also, coils 74A and 74B are offset from 
one coils 74C and 74D in the axial or lengthwise 
5 direction. 

The length of the position sensor of Fig. 4B 
is substantially the same as the length of the position 
sensor of Fig. 4A, however the sensitivity of the 
position sensor of Fig. 4B may vary from the sensitivity 

10 of the sensor of Fig. 4A, depending on the number of 
windings in each of coils 74A-D and 76A-D and the cross- 
section of coils 74A-D an 76A-D. Where the size and 
spacing of the coils permits, a separate ferrite core is 
provided in each of coils 74A-D and 76A-D. Preferably, 

15 the core is ellipsoid so that it does not affect the 
magnetic field direction in the coil and so that it has 
a minimal effect on the other coils in the position 
sensor. 

Fig. 5A shows a catheter 80 with a coil-based 

2 0 position sensor according to another embodiment of the 

invention. Instead of three orthonormal coils, three 
coils which are not orthonormal are used. However, the 
orientations of the coils are such that a linear 
combination of their outputs can give the values of the 
25 three orthogonal components of the field. The position 
detection algorithm is modified to take into account the 
orientation of coils 82, 84 and 86. Thus, an axial 
sensing coil 82 has an axis generally parallel to the 
axis of catheter 80 and turns lying in planes 

3 0 perpendicular to the axis of the catheter. The axial 

direction is denoted by direction X in Fig. 5. A first 
lateral sensing coil 84 has an axis 85 which has a 
component parallel to the axis of catheter 80 and a 
component which is perpendicular to the axis of the 
35 catheter and extends in a first lateral direction Y * 
The windings of coil 84 lie in planes perpendicular to 
axis 85. The sensor further includes a second lateral 
sensing coil 86 having an axis 87 having a component in 
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the X or axial direction and also having a component in 
a second lateral direction Z, perpendicular to the axial 
direction X and perpendicular to the first lateral 
direction Y. In general, the extent of lumen 4 2 is 
5 dependent on the width of coils 84 and 86 and on the 

angles a and P between coil axes 85 and 87 and the axis 
of catheter 80. If these angles are too small, so that 
the winding planes of coils 84 and 86 are almost 
parallel to one another and almost perpendicular to the 
10 axis of the catheter, the amplitude of voltages induced 
by laterally-directed components of the magnetic field, 
perpendicular to the axis of catheter 80, is reduced. 

Where angles a and P are too small, the amplitudes of 
these voltages may be below the noise level of the 
15 system. However, smaller angles a and p and greater 
parallelism of coils 84 and 8 6 allow a larger lumen. 

In a particular embodiment of the invention, 

assuming the catheter is parallel to the X axis, a is 
about 452, so that the axis of coil 84 is tilted by 
2 0 about 452 to the X axis and about 45 o to the Y axis. P 
may also be about 452, so the axis of coil 86 is tilted 
by about 45 2 to the X axis and about 45 2 to the Z axis. 

Alternatively, the angles a and p may be larger, such 
as up to about 602 or 702 or smaller, such as down to 

25 about 302 or 202. Preferably, the windings of coils 84 
and 86, as seen in a view taken along the coil axes 85 
and 87 respectively, are ellipsoid shape. Each such 
ellipsoidal shape has a major axis and a minor axis. 
These major and minor axes are oriented so that the 

30 major axis of each such ellipsoid lies in the plane 
defined by the axial direction X and by the lateral 
direction associated with such coil. For example, the 
major axis M of ellipsoidal coil 84 lies in the plane 
defined by the first lateral direction Y and the axial 

35 direction X. Thus, as seen in projection perpendicular 
to the axial direction X, as in Fig. 5C, the ellipsoidal 
coil 84 defines a substantially circular opening 89. 
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The major axis of coil 86 lies in the plane defined by 
the X and Z directions, so that coil 86 also defines a 
substantially circular opening when seen in projection 
perpendicular to the axial direction X. This 
5 arrangement maximizes the space available for the lumen 
4 2 within the catheter. 

Fig, 5B show a catheter 90 having a coil-based 
position sensor in accordance with a preferred 
embodiment of the invention. In this embodiment, the 

10 coils have a substantial width . An axial sensing coil 
92, having an axis parallel to the X axis, can be 
similar to coil 172 (Fig. 4A) . Lateral sensing coils 94 
and a coil 96, which sense field components 
perpendicular to the X axis, are modified (relative to 

15 Fig. 4A) in the following manner. The first lateral 
sensing coil 94 adapted to sense field components in 
first lateral direction Y, has a generally cylindrical 
shape. The axis of this cylinder is parallel to the 
axial or X axis of the catheter. However, the windings 

20 of coil 94 are not perpendicular to the axis of coil 94. 
Rather, each winding lies in a plane perpendicular to a 
winding axis 95. Axis 95 has a component in the first 
lateral direction Y. In effect, each winding of coil 94 
is tilted relative to the X axis in the same manner as 

25 coil 84 (Fig. 5A) is tilted. direction. Thus, coil 94 
can detect field components in the Y direction. Coil 96 
has similar windings, but these windings lie in planes 
perpendicular to winding axes 97, having a component in 
components in the second lateral direction Z. 

30 Preferably, the windings of coils 94 and 96 have an 
ellipsoidal shape when seen in projection perpendicular 
to the winding axes. The major axes of the ellipsoidal 
windings are oriented as described above with reference 
to the major axes of coils 84 and 86. This arrangement 

3 5 allows lumen 42 a maximal extent and a circular cross- 
section. 

The methods and apparatus for determining 
field components perpendicular to the catheter axis 
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described with reference to Figs. 4A-C and 5A-5B may 
also be applied when a greater or smaller number of 
coils than three is used. 

Although the present invention has been 
5 described mainly in the context of a catheter with a 
position sensor, various embodiment of the present 
invention, such as those described with reference to 
Figs. 1A-G, Figs. 2A-D and Fig. 3, may be usefully 
applied even when the device blocking the lumen is not a 

10 position sensor, for example, when it is a pressure 
sensor, a thermal sensor, a pH sensor or other chemical 
sensor; or a device such as an electrode for sensing 
electrical potentials in surrounding tissues. 

A probe according to a further embodiment of 

15 the invention (Figs. 6 and 7) includes an elongated 
tubular body 200 such as a catheter tube defining a 
central bore or lumen 201. The probe includes a sensor 
202. Sensor 202 includes a first transducer assembly 
consisting of a first coil 204. First coil 204 includes 

20 a plurality of helical turns encircling lumen 201 and 
extending around the lengthwise or X direction axis of 
the body and lumen. The turns of coil 204 thus enclose 
a projected area in a plane, perpendicular to the X 
axis. Accordingly, coils 204 are sensitive to changes 

25 in magnetic flux directed in the X direction. The 
center of coil 204 lies at a point 206 within lumen 201. 

Sensor 2 02 further includes a Z direction 
lateral field transducer assembly including a pair of 
coils 208a and 208b disposed on opposite sides of lumen 

30 201. Coils 208a and 208b are each generally helical and 
have turns encircling the turns of coil 204. Coils 208a 
and 208b have coil axes 210a and coil 210b extending 
generally in the lateral direction denoted by the Z axis 
in Figs. 6 and 7, this lateral direction being 

3 5 orthogonal to the lengthwise or X direction. The turns 
of coils 208a and 208b encircle the turns of coil 204. 
Thus, coils 208a and 208b are aligned with the central 
point 206 of coil 204 in the lengthwise or X direction. 
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Coils 208a and 208b are remote or offset from one 
another in a further lateral direction denoted by the Y 
axis in Figs. 6 and 7, orthogonal to the X and 2 
directions* 

5 The turns of coils 2 08a and 2 08b encircle 

projected areas in planes perpendicular to the 2 
direction, i.e., projected areas in planes parallel to 
the Y and X directions. Coils 208a and 2 08b thus are 
sensitive to changes in magnetic flux directed in the 2 

10 direction. Coils 208a and 208b are connected in series 
with one another by an interconnect conductor 212, so 
that the voltages produced by the two coils are added 
with one another. The voltage or signal appearing 
across terminals 214a and 214b thus represents the sum 

15 of changes in flux in a first set of projected areas 
adjacent axis 210a and in a second set of projected 
areas adjacent axis 210b. The aggregate center of all 
of these projected areas, taken together is coincident 
with the central point 206 of coil 204. 

20 The sensor further includes Y direction 

lateral transducer assembly including a pair or coils 
216a and 216b. Coils 216a and 216b have helical turns 
encircling the turns of coil 204. Coils 216a and 216b 
extend generally along coil axes 218a and 218b. Coil 

25 axes 218 extend in the lateral direction denoted by axis 
Y in Figs. 6 and 7, orthogonal to the lengthwise or X 
direction and also orthogonal to the other lateral 
direction 2. Thus, each turn of coils 216a and 216b 
encloses a projected area in the Z-X plane, 

3 0 perpendicular to the Y axis* Here again, the center of 
area of all such projected areas taken together is 
coincident with central point 206. Coils 216a and 216b 
are connected in series by a conductor 22 0 so that the 
voltage appearing at terminals 222a and 222b is 

35 proportional to the sum of the voltages induced in all 
of the turns of both coils. 

In this arrangement, each transducer assembly 
measures changes in magnetic flux along a different 
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local direction relative to the sensor, i.e., along the 
Z, Y, or X axis, but all of the transducer assemblies 
measure these changes in flux at or adjacent a common 
central point 2 06. Thus, provided that the change in 
5 flux per unit time in the Z direction is uniform in the 
Y direction or varies linearly with distance in the Y 
direction, coils 2 08 of the Z direction lateral 
transducer assembly will yield an aggregate voltage 
equal to the voltage which would be produced by a point 

10 transducer located at common point 2 06. Similarly, 
provided that the change in flux per unit time in the Y 
direction is uniform or varies linearly with distance in 
the Z direction, the Y direction lateral transducer 
assembly (coils 216a and 216b) will provide a signal 

15 equal to that which would be provided by a point sensor 
at common point 2 06. The lengthwise or X direction 
transducer assembly, coil 204, also produces a signal 
substantially equal to that of a point sensor at common 
point 206. 

20 The ability to provide signals representing 

changes in the field components at a common point 
significantly enhances the accuracy and simplicity of 
calculations used to deduce the position and orientation 
of the sensor. Methods for calculating the position and 

25 orientation of a sensor are disclosed, for example, in 
PCT published international application 95/09562 as well 
as in the aforementioned U.S. Patent 5,480,422 and in 
U.S. Patent Application 08/476,380 the disclosures of 
which are incorporated by reference herein. These and 

3 0 other calculations are enhanced where the various 
signals provided by a sensor representing components of 
the field or changes in components of the field in 
particular directions all relate to the components or 
changes in components at the same point. The probes 

35 according to this aspect of the invention provide such 
common point sensitivity while still accommodating a 
large lumen 2 01. 



WO 97/29684 



PCT/US97/02617 



10 



-22- 

Stated more generally, a plurality of 
transducer assemblies sensitive to field components in 
different directions will act substantially as point 
sensors located at a common point and will provide 
signals representing the components at the common point 
if the centers of sensitivity of all of the transducer 
assemblies are located at the same point. As used in 
this disclosure, the term "center of sensitivity" for 
any transducer assembly represents the point 

X ,F, Inhere: 

_ = ^_ = j™ _Jz* 

Ids Ids ids 



In this formula, X, Y and Z are distances 
along axes X, Y and Z of space and s is sensitivity of 
the transducer assembly to the particular component 

15 which is to be detected by that transducer assembly. 
Thus, the incremental value ds represents the 
sensitivity of an individual incremental portion of the 
transducer assembly. In each case, the integrals are 
evaluated over the entirety of the transducer assembly. 

20 In the case of a transducer assembly incorporating one 
or more coils, the center of sensitivity is equal to the 
aggregate center of the projected areas of the various 
coils in the transducer assembly. A real device having 
real components and tolerances normally will not have 

25 the centers of sensitivity of all of its transducer 
assemblies at exactly the same point. However, as used 
in this disclosure, the centers of sensitivity of the 
various transducer assemblies may be considered to lie 
at the same point if the greatest distance between the 

30 centers of sensitivity of any two transducer assemblies 
in the sensor is substantially smaller than the maximum 
distance between sensitive portions of each single 
transducer assembly. Preferably, the distances between 
centers of sensitivity of the various transducer 
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assemblies located in a single sensor are less than 
about 1.0mm and preferably less than about 0.5mm, 

The arrangement depicted in Figs. 6 and 7 
provides substantial space for a large lumen 2 01 in a 
5 tubular body 200 of limited diameter. Thus, because the 
coils 216 and 208 of the two transverse transducer 
assemblies are disposed in alternating sequence around 
the circumference of the tubular body and hence around 
the periphery of lumen 201, these coils can be 

10 accommodated within a body 200 of reasonable diameter. 

In the embodiment of Fig. 8, the lengthwise or 
X direction transducer assembly includes a helical coil 
with a pair of separate sections 302a and 302b offset 
from one another in the lengthwise or X direction. 

15 Lateral transducer assembly 308 includes four separate 
coils 308a -308d. Coils 308a and 308b are disposed on 
opposite sides of lumen 3 01 and encircle the windings of 
a first section 302a of the lengthwise direction 
transducer assembly, whereas coils 308c and 308d are 

20 disclosed on opposite sides of lumen 301 from one 
another and encircle the windings of the second section 
3 02b of the lengthwise direction transducer assembly. 

The other lateral direction transducer 
assembly includes four coils 316a-316d. Two of these 

25 coils 316a and 316b encircle winding 3 02a whereas the 
other two coils encircle winding 302b. Here again, all 
of the coils of each transducer assembly are connected 
in series so that the signals generated by the coils are 
added to one another. Once again, the centers of 

30 sensitivity of all of the transducer assemblies are 
located at a common point 306. 

In the arrangement of Fig. 9, the lengthwise 
transducer assembly also includes a coil having two 
sections, 402a and 402b. The coils constituting each of 

3 5 the other transducer assemblies are disposed in a common 
plane 405 positioned axially between sections 4 02a and 
402b. Thus, the coils 416a and 416b of one lateral 
transducer assembly lie on opposite sides of lumen 401 
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in this plane, whereas the coils 4 08a and 4 08b are 
oriented transverse to coils 416 but lie in the same 
plane 405, on opposite sides of lumen 4 01 from one 
another. This arrangement also provides all of the 
5 transducer assemblies with centers of sensitivity at a 
common point 406. However, because the coils of the 
lateral transducer assemblies 408 and 416 are disposed 
between the sections 402a and 402b of the lengthwise 
transducer assembly, there is no need to wind the coils 

10 of one transducer assembly around the coils of another. 
Also, this arrangement can provide a relatively large 
lumen 4 01 in a probe body of reasonable diameter. 
Preferably, the probe is an elongated medical catheter 
having a diameter or maximum dimension transverse to its 

15 axis of elongation, measured at the position sensor, 
less than about 5mm, more preferably less than about 
3mm, and most preferably less than about 1mm. The same 
features can be used in other medical probes, such as 
endoscopes, arthroscopes or the like having somewhat 

20 longer diameter as, for example, up to about 15mm, or 
even larger . 

Numerous variations and combinations of the 
coil arrangements discussed above can be employed. For 
example, more than two lateral field transducer 

2 5 assemblies can be provided, so as to detect field 
components in three or more different directions 
transverse to the lengthwise axis of the probe. In this 
case, the various lateral directions of sensitivity are 
non-orthogonal to one another. Further signal 

30 processing is required to resolve the various signals 
into signals representing field components in lateral 
directions orthogonal to one another. Also, the coils 
need not be cylindrical helices as pictured, but instead 
may be polygonal. The coil axes of the coils 

35 constituting the lateral transducer assemblies may be 
curved so that they wrap partially around the 
circumference of the coil. For example, in the 

embodiment of Figs. 6 and 7, the coil axes 210 and 218 
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may be curved to follow the curvature of coils 204, so 
that each coil 208 and 216 of the lateral transducer 
assemblies is in the shape of a section of a torus 
centered at the common point of the sensor. 
5 A probe according to a further embodiment of 

the invention (Fig, 10) incorporates a tubular body 502 
and lumen 501 as discussed above, together with a 
helical coil 504 extending around the circumference of 
the body and encircling a first or lengthwise axis 505 

10 coincident with the axis of lumen 501. Coil 504 forms a 
lengthwise transducer assembly. This probe further 
includes a lateral transducer assembly incorporating a 
pair of saddle coils 508a and 508b electrically 
connected in series. Saddle coil 508a includes one or 

15 more saddle-shaped turns. For clarity of illustration, 
only one such turn of each such saddle coil is depicted 
in Fig. 10. However, in the preferred arrangement each 
saddle coil may include numerous saddle-shaped turns 
nested within one another. Each saddle-shaped turn of 

20 coil 508a includes a pair of lengthwise runs 509 
extending in the lengthwise direction along body 502. 
Each saddle-shaped turn also includes a pair of arcuate 
runs 511 extending partially around the circumference of 
body 502 and hence extending partially around lumen 501. 

25 Each saddle-shaped turn of the opposite coil 508b also 
includes lengthwise runs 509 and arcuate runs 511 • 
Coils 508a and 508b are connected in series by a 
conductor 512. Each turn of coil 508a, and each turn of 
coil 508b, encompasses a projected area in a plane 515, 

3 0 orthogonal to the Z axis and parallel to the lengthwise 
or X axis 505 of the body. The lengthwise runs 509 of 
coil 508a lie on one side of this plane, with the 
arcuate runs extending away from the plane, whereas the 
lengthwise runs 509 of the other saddle coil 508b lie on 

35 the opposite side of plane 515. The arcuate runs of 
coil 508b extend away from plane 515 in the opposite 
direction from the arcuate runs 511 of coil 508a. Thus, 
the arcuate runs of the two coils extend around opposite 
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sides of the probe body and around opposite sides of 
lumen 501. The saddle-shaped coils provide relatively 
large projected areas in plane 515 and hence are 
sensitive to changes in magnetic flux directed in the 
5 lateral action perpendicular to plane 515, i.e., in the 
lateral direction denoted by the Z axis in Fig. 10. 
Saddle coils 508a and 508b of the lateral transducer 
assembly overlap coil 504 of the lengthwise transducer 
assembly. Both transducer assemblies have centers of 

10 sensitivity at a common point 506. 

The sensor of Fig. 10 further includes a Y 
direction lateral transducer assembly incorporating 
saddle coils 516a and 516b. These saddle coils are 
substantially the same as saddle coils 508a and 508b. 

15 However, these coils are oriented so that the projected 
areas lie in a plane 517 orthogonal to plane 515. Thus, 
saddle coils 516 are sensitive to changes in flux 
directed orthogonally to plane 517, in the direction 
denoted Y in Fig. 10. Coils 516 overlap the other coils 

2 0 and have their center of sensitivity at the same common 

point 506. 

Sensors as shown in Fig. 10 can be fabricated 
by a process as shown in Fig. 11. In this process, a 
flexible tape such as a flexible dielectric film 520 

25 having coils 522 and 524 of conductive material thereon 
is wrapped onto an exterior surface of body 502 by 
winding the tape around the circumference of the body. 
Tape 52 0 may include a dielectric film such as a layer 
of polyimide commonly utilized for "flex" circuitry in 

30 the microelectronics art. Overlapping coils 522 and 524 
are formed on opposite sides of the dielectric film so 
that the crossing coils are electrically insulated from 
one another. The conductive coils 522 and 524 may be 
formed from copper or other conductive materials by 

3 5 common processes such as lithographic processes used in 

making flexible microelectronic circuitry. For example , 
the polyimide sheet can be provided with continuous 
layers of copper on opposite sides, and the loops can be 
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formed by masking the layers and etching away unmasked 
portions. A preferred lithographic coil has a size of 
0.8 mm wide by 3 mm long, a thickness of 0.3 mm and 
includes a rectangular coil having the following 

5 characteristics: a line width of 6|a, a line spacing of 

6|a and a line thickness of 2\i. The number of windings 
is preferably the maximum number which fit in the coil. 
A thin (0.3 mm) ferrite layer may be provided adjacent 
the coil to increase its sensitivity. Preferably, more 
10 than one layer of conduction lines is provided. The 
helical coil 504 may be wound around the body before or 
after application of tape 520. The entire assembly may 
be covered in a protective outer sheath or coating (not 
shown) . 

15 In an alternate process (Fig. 12) , the coils 

may be formed on a flat sheet of a flexible film 620. A 
hole 603 may be formed in the flexible sheet 62 0 within 
one coil 604, so that the probe body 602 may be inserted 
through the hole and portions of the sheet bearing other 

20 coils 608 and 616 may be folded back onto the 
circumferential surface of the probe body 602. 

Numerous variations and combinations of the 
features described above can be utilized. For example, 
the saddle-shaped coils depicted in Fig. 10 need not 

25 have straight runs. The lengthwise runs and actuate 
runs of each turn can be formed as portions of a 
cont inuous ly curved run . 

In the arrangements discussed above, all of 
the transducers are coils. However, the same principles 

30 can be applied in fabrication of sensors using 
transducers other than coils. For example, as shown in 
Fig. 13, a sensor has lateral transducer assembly 708 
sensitive to changes in the field component in a lateral 
direction Z constituted by a pair of saddle coils 7 08a 

3 5 and 708b as discussed above, whereas the other lateral 
transducer assembly sensitive to field components in 
lateral direction Y includes a pair of saddle coils 716a 
and 716b. The lengthwise transducer assembly sensitive 
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to a field component in the X direction is constituted 
by a pair of Hall effect or magnet or es i s t i ve sensors 
704a and 704b mounted to the wall of probe body 702 on 
opposite sides of lumen 701. Here again, all of the 
5 transducer assemblies have their centers of sensitivity 
at a common point 706* 

In the arrangement of Fig. 14, the axially- 
sensitive transducer assembly is a flat, washer-shaped 
solid state magnetic field sensing device such as a 

10 magnetoresi stive transducer 804 having a hole 805 
extending through it in alignment with the bore 801 of 
the probe body. The other transducer assemblies are 
constituted by arrays of solid state magnetic field 
sensing devices such as magnetoresistive elements 808 

15 and 816 disposed around the circumference of the probe 
body and disposed on opposite sides of axial transducer 
804. Here again, the centers of sensitivity of 

transducer assemblies 804, 808 and 816 all lie at a 
common point 806. Similar arrangements can be utilized 

20 with other forms of transducers including other 
magnetoresistive transducers (such as those referred to 
as "giant magnetoresistive" and "colossal 

magnetoresistive transducers") as well as 

magnetostr ictive transducers , semiconductor transducers 

25 such as magnetotransistors , magnetooptical transistors, 
Hall effect sensors and other forms of transducers 
capable of detecting magnetic or electromagnetic fields 
or changes therein. 

As shown in Fig. 15, a probe 70 1 similar to 

30 the probe 70 discussed above with reference to Figures 
4A and 4B may have its lengthwise or axial-component 
coil formed as two coil sections 72A' and 72B 1 , so that 
the center of sensitivity of the lengthwise coil lies at 
a point 71 1 between these sections. The arrangement of 

35 lateral-component sensing coils is the same as discussed 
above with reference to Figs 4A and 4B. Thus, one such 
coil includes four sections 74A' through 74D* disposed 
on opposite sides of the lumen, in two locations along 
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the lumen at equal axial distances from point 71 1 , so 
that the center of sensitivity of coil 74 1 , considering 
all of its sections, lies at point 71 f . The other coil 
includes four sections , of which only two sections 76A* 
5 and 76C, are visible in Fig. 15. These sections are 
also arranged at equal distances from point 71 1 , so that 
the center of sensitivity of coil 76 1 also lies at point 
71' . 

The sensitive element of the probes discussed 
10 above is referred to herein as a "position sensor" 
inasmuch as the sensitive element commonly detects a 
non-ionizing field such as a magnetic, electromagnetic 
or acoustical field sent from antennas disposed outside 
of a patient's body during use of the probe and provides 
15 signals representing characteristics of the detected 
field, such that the position and/or orientation of the 
sensor can be deduced from the sensor signals. 
Accordingly, the same element can be referred to as a 
"field transducer." Moreover, the terms "position 
20 sensor" and "transducer" as used herein should also be 
understood as encompassing one or more elements which 
can send a field for reception by one or more external 
receiving antennas. For example, any of the coil 
arrangements discussed above can serve either as a 

2 5 receiving antenna array or as a transmitting antenna 

array. The terms "position sensor" and "field 

transducer" should be understood as including 
transmitting antennas capable of converting signals such 
as electrical signals into emitted electrical or 

3 0 magnetic fields. These terms should also be understood 

as referring to elements which can convert electrical 
signals into light, sonic signals or other non-ionizing 
fields. For example, certain catheter locating schemes 
use ultrasonic signals radiated by a transducer in the 
35 catheter. As pointed out above, the mounting 

configurations used herein can also be employed to mount 
sensors or transducers for other purposes, as, for 
example, sensors and transducers which detect chemical, 
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electrical, or physical parameters of the body. 

It will be appreciated by a person skilled in 
the art that the present invention is not limited by 
what has thus far been particularly described. Rather, 
5 the present invention is limited only by the claims 
which follow. 

CROSS REFERENCE TO RELATED APPLICATIONS 

The present application claims benefit and 

priority of United States Provisional Application No. 
10 60/012 , 242, filed February 26, 1996, Israeli Patent 

Application 117,148 filed February 15, 1996, and Israeli 

Patent Application 119,262 filed September 17, 1996. 

The disclosures of said applications are hereby 

incorporated by reference herein. 
15 The following PCT applications, each of which 

names Biosense, Inc. as an applicant are also 

incorporated by reference herein: 

Catheter Based Surgery filed on or about February 
14,1997 in the Israeli Receiving Office; Intrabody 

20 Energy Focusing filed on or about February 14, 1997 in 
the Israeli Receiving Office; Locatable Biopsy Needle, 
filed on or about February 14, 1997 in the Israeli 
Receiving Office; Catheter Calibration and Usage 
Monitoring filed on or about February 14, 1997 in the 

25 Israeli Receiving Office; Precise Position Determination 
of Endoscopes filed on or about February 14, 1997 in the 
Israeli Receiving Office; Medical Probes with Field 
Transducers filed February 14, 1997 in the United States 
Receiving Office; Medical Procedures and Apparatus Using 

30 Intrabody Probes filed February 14, 1997 in the United 
States Receiving Office; Movable Transmit or Receive 
Coils for Location System filed February 14, 1997 in the 
United States Receiving Office; and Independently 
Positionable Transducers for Location System filed 

35 February 14, 1997 in the United States Receiving Office. 
The PCT application entitled, Multi-Element Energy 
Focusing, filed February 14, 1996 in the Israeli 
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Receiving Office naming Victor Spivak as applicant is 
also incorporated by reference herein. 
INDUSTRIAL APPLICABILITY 

The invention can be used in medical and 
5 related procedures. 
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WHAT IS CLAIMED IS: 

1. A medical probe having 

(a) a body adapted for insertion into a living 
subject, said body defining a lumen; and 
5 (b) a blocking portion which obstructs the lumen 

in a first configuration of the probe and does not 
obstruct the lumen in a second configuration of the 
probe. 

10 2. A probe according to claim 1, wherein the blocking 
portion comprises a sensor. 

3. A probe as claimed in claim 2 wherein said sensor 
includes a position detector. 

15 

4. A probe according to claim 2, wherein the position 
detector comprises a sensor which senses the rotation 
of the probe. 

20 5. A probe as claimed in any one of the preceding 
claims wherein said body is elongated and defines 
proximal and distal ends, said lumen extends proximally 
and distally within said body and wherein said sensor is 
mounted to said body at a sensor location adjacent said 

25 distal end. 

6. A probe according to claim 5, wherein, in the first 
configuration, the probe has a first diameter at said 
sensor location and wherein, in said second 

3 0 configuration the probe has a second diameter at said 
sensor location larger than said first diameter. 

7. A probe as claimed in claim 6 wherein said first 
diameter is substantially equal to the diameter of said 

35 probe at a location remote from said sensor location. 
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8. A probe according to claim 1, further comprising an 
inflatable portion for changing the probe from the first 
configuration to the second configuration. 

5 9. A probe according to claim 1, further comprising a 
stylet, which is operative to change the probe between 
the two configurations. 

10. A probe according to claim 9, wherein the stylet is 
10 a hollow stylet adapted for insertion into said lumen. 

11. A probe according to claim 1, wherein the probe is 
biased to the second configuration, the probe further 
comprising a substantially rigid sheath movably mounted 

15 to said probe body and surrounding at least a portion of 
the probe, said sheath being movable between a first 
position in which said sheath maintains the probe the 
first configuration and a second position in which said 
sheath does not maintain said probe in said first 

2 0 position. 

12. A medical probe comprising: 

(a) a body adapted for insertion into a living 
subject, said body having a lumen formed therein; and 
25 (b) a tip at the distal end of the probe which 

selectably obstructs the lumen, 

wherein, the probe has a first configuration in 
which the tip obstructs the lumen, and a second 
configuration in which the tip is moved aside so that 
30 the lumen is substantially unblocked. 

13. A probe according to claim 12, wherein the tip is 
moved aside to a known position in the second 
conf igur at ion . 

35 

14. A probe according to claim 12 or claim 13, 
comprising a stylet which engages the tip and moves it 
from one configuration to the other. 
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15* A probe according to claim 12, wherein the probe is 
biased to the second configuration, the probe further 
comprising a substantially rigid sheath movably mounted 
5 to said probe body and surrounding at least a portion of 
the probe, said sheath being movable between a first 
position in which said sheath maintains the probe the 
first configuration and a second position in which said 
sheath does not maintain said probe in said first 
10 position* 

16, A probe according to any of claims 12-15, wherein 
the tip comprises a position sensor. 

15 17. A medical probe comprising: 

(a) a body adapted for insertion into a living 
subject, said body having a lengthwise direction and a 
lumen extending in said lengthwise direction, said body 
and said lumen having cross-sectional areas; and 

20 (b) a sensor, mounted to said body at a sensor 

location, said sensor having cross-sectional area, 
wherein the sum of the cross-sectional areas of the 
sensor and the lumen is greater than the cross-sectional 
area of the body at said sensor location and wherein 

2 5 said lumen does not extend through said sensor. 

18. A probe as claimed in claim 17 wherein said sensor 
comprises a position sensor. 

30 19. A probe according to claim 18, wherein the position 
sensor includes a plurality of transducer assemblies, 
said transducer assemblies being sensitive to fields in 
different non-coplanar local directions relative to said 
sensor. 

35 

20. A probe according to claim 18 wherein the position 
sensor is operative to detect orientation. 
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21. A medical probe comprising: 

(a) a body adapted for insertion into a living 
subject, said body having a lengthwise direction, and a 
lumen extending in said lengthwise direction, said body 

5 and said lumen having cross-sectional areas; and 

(b) a position sensor mounted to said body, , said 
position sensor including a plurality of transducer 
assemblies sensitive to fields in a plurality of local 
directions relative to said sensor, said lumen extending 

10 through said position sensor. 

22. A probe according to claim 21, wherein the position 
sensor includes three said transducer assemblies, said 
three transducer assemblies being sensitive to fields in 

15 three non-coplanar local directions relative to said 
sensor. 

23. A medical probe comprising an elongated tubular 
body adapted for insertion into a living subject, said 

20 body defining a lengthwise direction and a lumen 
extending in said lengthwise direction, the probe 
further including a sensor including a plurality of 
transducer assemblies sensitive to fields in a plurality 
of local directions relative to said sensor, said 

2 5 transducer assemblies being mounted to said body outside 

of said lumen. 

24. A medical probe, comprising: 

(a) a tubular body adapted for insertion into a 

3 0 living subject, said body defining a lumen; 

(b) a first coil having an axis perpendicular to 
the axis of the lumen; 

wherein the sum of the diameter of the first coil 
and the diameter of the lumen is greater than the 
3 5 diameter of the body of said coil. 

25. A probe as claimed in claim 24, further comprising a 
second coil coaxial with the lumen. 
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26. A probe according to claim 25, further comprising a 
third coil, having an axis parallel to the axis of the 
first coil. 

5 

27. A probe according to claim 26, wherein the first 
and third coils flank the lumen. 

28. A probe according to claim 26 or claim 27 , further 
10 comprising a fourth coil having an axis substantially 

perpendicular to the axes of both the first and the 
second coils. 

29. A medical probe comprising: 

15 (a) a tubular body adapted for insertion into a 

living subject, said body defining a lumen; and 

(b) first and second coils mounted to said body, 
each said coil having an axis, 

wherein the lumen passes through both of the coils 
20 without changing direction and wherein, the axis of the 
second coil has an angle of between 2 0 s and 70s to the 
axis of the first coil. 

30. A probe according to claim 29, wherein the angle is 
25 between 30Q and 60^. 

31. A probe according to claim 30, wherein the angle is 
between 40 a and 50 2. 

30 32. A probe according to any of claims 29-31, 
comprising a third coil mounted to said body, said lumen 
extending through said third coil, and wherein the axis 
of the third coil has an angle of between 20Q and 70s to 
the axis of the first coil. 

35 

33. A medical probe comprising: 

(a) a tubular body adapted for insertion into a 
living subject, said body defining a lumen; and 
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(b) first and second cylindrical coils mounted to 
said body, said lumen extending though said coils, 
wherein each said coil comprises a plurality of windings 
disposed in planes substantially parallel to one another 
5 and wherein the planes of the windings of the second 
coil are disposed at an angle of between 202 and 702 to 
the planes of the windings of the first coil. 

34. A probe according to claim 33, wherein the angle is 
10 between 30$ and 602. 

35. A probe according to claim 34, wherein the angle is 
between 40 e and 50 c. 

15 36. A probe according to any of claims 3 3-35, further 
comprising a third cylindrical coil having a plurality 
of windings disposed in planes substantially parallel to 
one another and wherein the planes of the windings of 
the third coil are disposed at an angle of between 202 

20 and 702 to the planes of the windings of the first coil. 

37. A probe according to claim 36, wherein the coils 
are coaxial with one another. 

25 38. A medical probe comprising a tubular body adapted 
for insertion into a living subject, said body defining 
a lumen and a plurality of transducer assemblies mounted 
to said body around said lumen, each said transducer 
assembly including one or more of said transducers, each 

30 said transducer assembly being sensitive to a field 
component in a different direction, each said transducer 
assembly having a center of sensitivity, the centers of 
sensitivity of all of said transducer assemblies being 
disposed a common point. 

35 

39. A probe as claimed in claim 38 wherein said common 
point is located within said lumen. 
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40, A probe as claimed in claim 39 wherein each said 
transducer is a coil, 

41. A probe as claimed in claim 40 wherein a first one 
5 of said transducer assemblies includes a first coil 

having turns encircling said lumen and having a coil 
axis extending in a first direction codirectional with 
said lumen, and wherein a second one of said transducer 
assemblies includes a pair of second coils disposed on 
10 opposite sides of said lumen, each said second coil 
having an axis and turns extending around such axis, the 
axes of said second coils extending in a second 
direction transverse to said first direction. 

15 42. A probe as claimed in claim 41 wherein said axes of 
said second coils are parallel to one another. 

43. A probe as claimed in claim 42 wherein said coil 
axes of said second coils are aligned with one another 

20 in said first direction. 

44. A probe as claimed in claim 43 wherein said coils 
of said second transducer assembly are offset from one 
another in a third direction orthogonal to said first 

25 and second directions. 

45. A probe as claimed in claim 44 said plurality of 
transducer assemblies includes a third transducer 
assembly, said third transducer assembly including a 

30 pair of third coils disposed on opposite sides of said 
lumen, each said third coil having an axis and turns 
extending around such axis, the axes of said third coils 
extending in said third direction, said third coils 
being offset from one another in said second direction. 

35 

46. A probe as claimed in claim 4 5 wherein said turns 
of said second and third coils encircle the turns of 
said first coil. 
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47. A probe as claimed in claim 46 wherein said first 
coil includes a pair of sections spaced apart from one 
another in said first direction, and wherein said second 

5 and third coils are disposed between said sections of 
said first coil. 

48. A probe as claimed in claim 41 wherein said coil 
axes of said second coils are coincident with one 

10 another. 

49. A probe as claimed in claim 41 or claim 48 wherein 
said turns of said second coils are generally saddle- 
shaped, each such saddle-shaped turn including a pair of 

15 spaced-apart substantially straight runs extending in 
said first direction and a pair of arcuate runs 
partially encircling said lumen. 

50. A medical probe comprising a tubular body adapted 
20 for insertion into a living subject, said body defining 

a lumen, a first coil having turns encircling said lumen 
and having a coil axis extending in a first direction 
codirectional with said lumen a pair of second coils 
disposed on opposite sides of said lumen, said second 
25 coils having turns encircling the turns of said first 
coil. 

51. A probe as claimed in claim 50 further comprising a 
pair of third coils disposed on opposite sides of the 

30 lumen, said third coils having turns encircling the 
turns of said first coil, said second and third coils 
being disposed in alternating order around the 
circumference of said lumen. 

35 52. A probe as claimed in claim 51 wherein said second 
coils have coil axes extending in a second direction 
transverse to said first direction and wherein said 
third coils have coil axes extending in a third 
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direction transverse to said first and second 
directions. 

53. A probe as claimed in claim 52 wherein said first, 
5 and second directions are orthogonal to one another. 

54. A probe as claimed in claim 50 wherein said second 
coils are electrically connected in series with one 
another . 

10 

55. A medical probe comprising a tubular body adapted 
for insertion into a living subject, said body defining 
a lumen, a first coil having turns encircling said lumen 
and having a coil axis extending in a first direction 

15 codirectional with said lumen, said first coil including 
a pair of sections spaced apart from one another in said 
first direction, and a pair of second coils disposed on 
opposite sides of said lumen between said sections of 
said first coil. 

20 

56. A probe as claimed in claim 55 further comprising a 
pair of third coils disposed on opposite sides of the 
lumen, between said sections of said first coil, said 
second and third coils being disposed in alternating 

25 order around the circumference of said lumen. 

57. A probe as claimed in claim 56 wherein said second 
coils have coil axes extending in a second direction 
transverse to said first direction and wherein said 

30 third coils have coil axes extending in a third 
direction orthogonal to said first and second 
directions. 

58. A probe as claimed in claim 57 wherein said first 
35 and second directions are orthogonal to one another. 
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59. A probe as claimed in claim 55 wherein said second 
coils are electrically connected in series with one 
another . 

5 60. A medical probe comprising a tubular body adapted 
for insertion into a living subject, said body defining 
a lumen extending in a lengthwise direction and a coil 
having saddle-shaped turns disposed on said body, each 
said saddle-shaped turn including a pair of spaced-apart 
10 runs extending in said lengthwise direction alongside 
said lumen and a pair of arcuate runs partially 
encircling said lumen. 

61. A probe as claimed in claim 60 further comprising a 
15 lengthwise-field transducer assembly including one or 

more transducers sensitive to fields in said lengthwise 
direction mounted to said body. 

62. A probe as claimed in claim 63 wherein said 
20 transducers of said lengthwise-field transducer assembly 

are selected from the group consisting of 
magnetoresistive, Hall effect, Faraday effect, 
magnetoopt ical , magnetosemiconductive and 

magnetostrictive transducers. 

25 

63. A probe as claimed in claim 61 wherein said 
lengthwise-field transducer assembly includes a helical 
coil having turns encircling said lumen and having a 
coil axis extending in said lengthwise direction. 

30 

64. A probe as claimed in claim 63 wherein said helical 
coil and said saddle coil overlap one another. 

65. A probe comprising a body defining a lumen 
35 extending in a lengthwise direction and a transverse- 
field transducer assembly including a pair of saddle 
coils each having saddle-shaped turns, each said saddle- 
shaped turn including a pair of spaced-apart lengthwise 
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runs extending in said lengthwise direction alongside 
said lumen and a pair of arcuate runs partially 
encircling said lumen, the lengthwise runs of each said 
saddle coil adjacent the lengthwise runs of the other 
5 said saddle coil, the arcuate runs of one said saddle 
coil extending around one side of said lumen and the 
arcuate runs of the other said saddle coil extending 
around the other side of said lumen. 

10 66. A probe as claimed in claim 65 further comprising a 
second transverse-field transducer assembly including a 
pair of saddle coils having one or more saddle-shaped 
turns, each said saddle-shaped turn of said second 
transverse-field transducer assembly including a pair of 

15 spaced-apart runs extending in said lengthwise direction 
alongside said lumen and a pair of arcuate runs 
partially encircling said lumen. 

67. A probe as claimed in claim 66 wherein said 
20 lengthwise runs of each said transverse field transducer 

assembly are substantially straight and wherein the 
straight runs of each said transverse-field transducer 
assembly define a plane parallel to such runs, said 
planes of said two transverse-field transducer 
25 assemblies being non-parallel to one another. 

68. A probe according to any of claims 1,12,17, 21, 23, 
24, 29, 33, 38, 50, 55, and 60, wherein the body 
comprises a catheter less than about 3mm in diameter. 

30 

69. A method of using a probe having a lumen, a and a 
sensor, comprising the steps of: 

(a) navigating the probe into a body of a living 
subject to a location while said probe is in a first 
35 configuration in which said sensor obstructs said lumen; 
and then 
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(b) changing the configuration of the probe to a 
second configuration in which said sensor does not 
obstruct said lumen; and then 

(c) performing a medical procedure at the location. 

5 

70. A method as claimed in claim 69 further comprising 
the steps of : 

(d) changing the configuration of the probe from 
said second configuration back to said first 

10 configuration after said step of performing a medical 
procedure and then; and then 

(e) removing the probe from the body. 

71. A method according to claim 69 or claim 70 wherein 
15 said navigating step comprises navigating the probe 

using a position sensor mounted on the probe. 

72. A method according to claim 71, wherein said 
navigating step comprises the step of advancing the 

2 0 probe to a location in an intra-body space. 

73. A method according to any of claims 69 or claim 70, 
wherein the probe comprises a catheter. 

25 74. A method of making a probe comprising the steps of 
providing an elongated tubular body defining a lumen 
extending in a lengthwise direction and mounting a 
position sensor on said body outside of said lumen. 

30 75. A method as claimed in claim 75 wherein said step 
of mounting a position sensor includes the step of 
wrapping a flexible film onto a surface of said body. 

76. A method as claimed in claim 75 wherein said film 
35 is a flexible dielectric film having one or more coils 
thereon, each such coil including one or more loop-like 
turns of a conductive material, said step of wrapping 
the flexible film around the body being performed so 
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that each said turn is formed into a saddle shape so 
that each such turn includes a pair of runs extending 
lengthwise along the body and a pair of arcuate runs 
extending partially circumf erentially around the body 
5 and the lumen. 

77. A method as claimed in claim 76 wherein said film 
is a flexible dielectric film having one or more coils 
thereon, each such coil including one or more loop-like 
10 turns of a conductive material, said step of wrapping 
the flexible film around the body including the step of 
inserting the body through a hole in said film within 
the turns of one or more of said coils. 
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